Abstract. The adsorptive qualities of NDA-150 resin on coal chemical wastewater were studied under different conditions by static adsorption test. The results showed that NDA-150 resin played a good adsorptive effect on coal chemical wastewater. After treatment, the removal rate of chemical oxygen demand (COD) was more than 82%. The used resin could be regenerated and the removal rate of COD reached up to 75%, which effectively realized the advanced treatment of coal chemical industry wastewater.
Introduction
The coal chemical wastewater is a kind of high concentrative organic industrial wastewater which is difficult to be degraded. Furthermore, it not only contains a large quantity of organic pollutants, such as phenol, pyridine, and a certain amount of ammonia nitrogen, cyanide and other toxic and hazardous substances [1, 2] . After some pretreatment and biochemical treatment, it still contains a lot of organic pollutants which are difficult to be degraded [3] . In the subsequent membrane treatment, especially the process of reverse osmosis, these macromolecular organic residues side in the concentrated liquid. It is very likely to cause membrane blockage and affect the subsequent membrane treatment process seriously. Thus, these macromolecular organic residues must be pretreated using some advanced methods before membrane treatment.
Nowadays, there are two different kinds of methods, coagulation sedimentation and oxidation method, used for advanced treatment of coal chemical wastewater [4, 5] . As to the coagulation sedimentation method, the operation is simple but the investment is high. In addition, it cannot adjust the added proportion of the coagulant without delay because the change of water quality is relatively large in the actual production process. [6] . As for the oxidation method, it is also applied widely. However, the equipment investment and the operating costs are relatively high [7] .
Considering the adsorption process is relatively simple and the operation cost is low, the process is widely used in the advanced treatment of wastewater [8] . Adsorption resin is a kind of porous polymer material with excellent adsorptive quality. Compared with other adsorbents, it has the advantages of larger adsorption capacity, higher strength, wider application range, and easier to be regenerated. Thus, it is more suitable for the treatment of wastewater [9] . Recently, the group of Zhichang Lu [10] used the NDA-99 resins to adsorption treatment of coking wastewater. After the adsorption of wastewater, the COD was down to 100 mg/L. Krishnaiah Abburi [11] used the XAD-16 resin to adsorb the phenol and p-chlorophenol from wastewater，the removal rate of these two substances was achieved 85%. However, the above studies on the adsorption of pollutants in water are relatively single. And all of them are no detailed and systematic screening of the resin regeneration solvent. In view of this, our group select the three typical adsorption resins to deal with the coal chemical industry wastewater. The most suitable resin type is selected by using COD as the main evaluation standard. Then, still use COD as evaluation criteria through different adsorption time, the resins dosage and pH to obtain the optimal adsorption conditions. Finally, through the selection of a variety of regeneration solvents, the optimum conditions of the resin regeneration were determined.
Methods

Reagents and Instrument
Laboratory apparatus: Digital thermostat oscillator (changzhou), hotoelectric analytical balance (shanghai), pHs-3c acidity meter (shanghai). Experimental drugs: Sulfuric acid (H 2 SO 4 , 98%), hydrochloric acid (HCl, 36%), sodium hydroxide, methanol, ethanol. All the mentioned chemicals were analytical grade and used without any further purification. The resins were obtained from H.Y New Material. The coal chemical industry wastewater was collected from the biochemical effluent of a coal chemical enterprise in Inner Mongolia Autonomous region, China. And Lignite is used as raw material for production.
Experimental Procedure
Resin Pretreatment. The resin was soaked in methanol for 24 h, and then extracted with methanol for 48 h to eliminate the foreign substance like progeny which residue in the resin. Finally, the resin is fully washed with distilled water so that the outflow liquid is no longer turbid and the resin has no methanol gas. And the resin is kept in a wet stand-by.
Adsorption Test. The adsorption experiments were carried out in 250 mL conical-stopper flasks. The flasks contained 100 mL raw water and a certain amount of wet resin. Then HCl aqueous solution (1 mol/L) or NaOH aqueous solution (1 mol/L) was used to adjust the value of pH. Finally, the flask was put in digital water bath shock instrument with the appropriate shock rate. Samples were withdrawn from flasks at different time. Then take an amount of the sample from the supernatant for COD measurement via potassium dichromate method. And the optimum adsorption condition was relied on the result of COD. [12] .
Desorption Experiment. The desorption experiments were also carried out in 250 mL conical-stopper flasks. A certain amount of used resin and the solvent were added into the flasks. Then the flask was put in digital water bath shock instrument with the appropriate shock rate. Finally, soxhlet extraction with the regeneration solvent was used to make the resin full regenerated. The secondary adsorption experiments were carried out under the optimal adsorption conditions. And then multiple adsorption experiments were carried out to investigate the regeneration properties of the resin.
Results and Discussion
Screening of Resins
At room temperature, three kind resins were chosen according to its effect on the adsorption of COD, so as to determine the most suitable resin. As the adsorption results shown then NDA-150 resin is the best for the chosen water samples. Based on the previous literature, for the adsorbent in general, when the adsorbent pore size and the molecular dynamics of the adsorbate is not much difference, the adsorption and adsorption capacity of the adsorbate is strong and not easily desorbed. Most of the organic matter in the water sample is a macromolecular substance, and the adsorbent with larger pore size has a relatively good effect on its adsorption. Therefore, the adsorption effect of the NDA-150 resin is better than NDA-99 resin because the pore size of NDA-150 is bigger. But the pore size of the H-103 resin is much larger than the pollutant diameter, which leads to the pollutants to be easy desorption. Therefore, the resin for the subsequent experiment was NDA-150.
Determination of Optimum Adsorption Conditions
Effect of Temperature and Resin Dosage. Taken into account the actual production needs of enterprises, three temperature experiments were chosen to carry out at 298, 303 and 308 K, respectively. And the NDA-150 resin dosage was 0.3, 0.6, 0.9, 1.2, 1.5, 1.8, 2.1 g, respectively. As shown in Fig. 1 , the content of COD gradually decreased, and the removal rate of COD increased gradually with the increase of the amount of resin. There is no obvious change in the removal rate of COD when the amount of resin reached 1.8 g/100 mL, even increase the addition of resin dosage. Which means that the adsorption basically reaches saturation. The result also indicated the adsorption effect of resin gradually decreased and the adsorption capacity decreased with the increasing of temperature. That's because the adsorption is an exothermic process, and low temperature is beneficial to increase the adsorption capacity. Therefore, the resin dosage is 1.8 g/100 mL and the temperature is 298 K in the following experiments.
According to the equilibrium adsorption Eq.1 the equilibrium adsorption capacity of resin can be calculated with the data in Fig.1 .
Where qe is the equilibrium adsorption capacity (mg/g); Ce is the equilibrium solution concentration (mg/L); C 0 is the initial solution concentration (mg/L); V is the volume of the solution (L); W is the weight of the resins (g). As shown the results in Tab.1, the determination R 2 was greater than 0.96 when the data fitted by Freundlich equation. It shows that the removal rate of COD in water more in line with Freundlich model. And the adsorption constant n>1, so it can be think that the adsorption of organic compounds in water was favorable adsorption. Integrating the data in Fig. 1 and Tab. 1, it shows that the K F decreased with the increasing of the temperature, and the resin equilibrium adsorptive amount was also decreased. The results suggest that the adsorption process of NDA-150 resin on water is an exothermic process. The fitting results of Langmuir equation, R 2 is relatively small. It indicates that the desorption process of the resin is not monolayer adsorption but multi-molecular layer adsorption.
Effect of Solution pH. It was well known that the variation of solution pH resulted in remarkable change on the COD adsorption performance by resin. For NDA-150 resin, when the adsorption conditions were 298 K and the resin dosage was 1.8 g/100 mL lathe result of the eliminating efficiency of COD in water samples with different initial pH shown in Fig. 2 . In different initial pH of water samples, the resin on the COD removal rate is very different. It shows that pH has a great influence on the adsorption of coal chemical wastewater. When the pH value of water is 1, the removal rate is only about 52%. With the increase of pH, the removal rate increased. When the pH was about 7, the removal rate reach the maximum. But when pH continues to rise, the removal rate will be slightly reduced. It shows that the optimal adsorption condition is pH 7 in the selected pH range of the experiment. The previous results showed that under the strong acid condition, the organic matter in the water sample mostly existed in the ionic state, and the resin adsorption to the ionic organic compound was much weaker than that to the molecular organic matter. Thus, the eliminate of COD under strong acid conditions is lower. However, when the pH value becomes larger, the molecular organic substance in the water sample increases, and the removal rate of COD can be greatly improved. However, under basic conditions, the hydroxyl groups and carboxyl groups of the resin functional group are negatively charged and the electrostatic repulsive force is formed by the negatively charged nitro groups such as organic matter and -NR 2 in the wastewater, so that the removal rate of COD is decreased. The experimental pH used in the coking wastewater in 7~8, so in the follow-up experiment the pH was not adjusted.
Effect of Adsorption Time. Considering the influence of single factor, the adsorption reaction was carried out under the experimental conditions defined in 3.1.1 and 3.1.2 to determine the effect of adsorption time on adsorption effect. Respectively, in 2, 4, 6, 8, 10, 12 h sampling analysis of its COD. The results are shown in Fig. 3 . Resin adsorption is a process by which pollutants migrate from the water body to the inner surface of the resin. The longer the adsorption process is, the more the pollutant enters the resin inner surface. But when the adsorption time is long enough, the pollutants fully into the internal surface is adsorbed, the resin reaches adsorption saturation. The results of the fitting of the Langmuir equation in Tab. 2 are also shown that the NDA-150 resin adsorption is multi-molecular layer adsorption. The resin is far from saturated and it continues to adsorb when the resin surface of a layer of pollutants adsorb. Therefore, the effect of adsorption time on COD removal rate was seen in Fig. 3 . With the increasing of the adsorption time the removal rate of COD increased. But when the time reached to 10 h the removal rate reached the maximum value, at this case the resin adsorption reached saturation.
Resin Regeneration
When the resin adsorption saturated, it is necessary to carry out desorption regeneration treatment in order to make the resin be reused. With the purpose of find the best desorption conditions, 5% NaOH, 5% HCl, methanol, ethanol four kinds of renewable solvents are screened for the experiment. The higher the temperature is the better for desorption effects. So we choose to take off under the condition of 313 K. The experimental results are shown in Fig.4 . With the continuous increase in the extraction time, no matter what kind of recycled solvent, after the regeneration of resin adsorption of COD will increase. During the extraction process, the desorption agent is constantly in the resin surface after elution, the longer time to enter the resin in the elution agent, the elution effect is better. When the extraction time reached 18 h, the adsorption effect was more ideal. After the comparison of four kinds of elution agents, it shows that 5% NaOH and methanol solution of the resin desorption regeneration effect are better, the resin regeneration rate can reach about 90%. Thus, a single elution agent is a relatively good choice. However, when using NaOH as an elution agent, the treatment of the elution agent has become a difficult problem when the resin regeneration process is completed. And when applied to the actual production, the required elution dose was relatively large and more difficult to treatment. From the Fig.4 the methanol elution and 5% NaOH was almost the same. While methanol was selected as eluent, methanol can be reprocessed and recycled. Based on the above considerations, methanol was selected as the regeneration solvent, and the regeneration time was 18 h after soaking for 2 h, and the regeneration temperature was 313 K.
Conclusion
In this paper, the NDA-150 resin is firstly selected to deal with the coal chemical industry wastewater. The solution temperature, pH, resin dosage and adsorption time on the contaminants removal are considered as key influential factors. The results showed that the NDA-150 resin for contaminants removal had a great efficiency such as COD. When the dosage of NDA-150 resin is 1.8 g/100 mL (wet resin), the original pH is maintained, the adsorption temperature is 298 K and the adsorption time is 10 h. The the removal rate of COD can be more than 82%, drops from 390 to about 70 mg/L. The adsorption effect is still relatively good after solvent regeneration, and the process of treatment of the desorption agent is very simple. Thereby, this method will be practical and economical.
